INTRODUCTION
Traumatic spinal cord injuries (SCI) are catastrophic events that typically affect younger populations and often result in tremendous economic loss and societal burden.
These injuries create severe physical limitations which depend on the neurologic level, severity of the injury, patient age and medical co-morbidities. Predicting neurologic recovery is a complex process; there is only sparse literature detailing neurologic recovery particularly after thoracic and lumbar spinal cord injuries. The likelihood and degree of neurologic recovery depends in part upon the anatomic region of the spinal cord injury. For example, (T1-T5) are more often complete with less potential for meaningful neurologic recovery believed to be due the tenuous blood supply in this region as well as the high degree mechanism needed to create an injury due to the stability of the chest wall and spinal column in the region.. A retrospective analysis of the relationship between the anatomic location of injury (T4 to S5) and the degree of neurological recovery was performed under an additional and separate approval by the IRB committee. The thoracic region was defined as T4-9, the thoracolumbar region as T10-T12 and the lumbar region as (L1-S5). Patients were included in the analysis if they meet the inclusion criteria of a non penetrating traumatic spinal cord injury (ASIA A-D), age greater than 14 years, with complete initial and one-year ASIA examinations Excluded from analysis were peripheral nerve injuries (lumbar plexus) and cases where physical exams were not reliable due to concurrent injuries (ie: closed head injury).
Statistical Analysis
Chi-squared tests and logistic regression were performed using the JMP software package (version 7.02. SAS Institute, Cary NC).
RESULTS
During the 10 year period of analysis, 282 patients were identified on the initial database query that met the inclusion criteria of a T4-S5 level traumatic spinal cord injury, consistent with an ASIA A through ASIA D neurological examination. Of these, 44% (124/282) were thoracic, 30% (85/282) were thoracolumbar, and 26% (73/282) were 4 lumbar injuries. Following elimination of penetrating and non-traumatic injuries, a total of 150 cases remained. Full neurologic follow up data was available for 95 patients ((43% thoracic, 27% thoracolumbar, 29% lumbar). As the pool of eligible subjects was refined, the distribution of injury levels remained fairly constant. The admission and 1-year follow-up ASIA scores are tabulated and presented in Table 1 . Only one patient worsened neurologically at one year follow up (T4-T9, B to A). There was no relationship between anatomic region and time to follow-up.
Lumbar patients (L1-S5) recovered at a rate of 89.3%, versus 22.3% for Thoracic and Thoracolumbar patients (T4-12) (p < 0.0001). Only 9.4% of ASIA A patients showed recovery, compared to 95.2% of ASIA D patients; ASIA B patients demonstrated a 62.5% recovery rate, while ASIA C had a 76.9% recovery rate (p < 0.0001). When anatomic location and neurologic grade were considered jointly in a multivariate analysis, ASIA A and thoracic or thoracolumbar patients had only a 4.1% rate of recovery, versus 92% for lumbar region and incomplete patients (ASIA B-D) and 72% -75% for the rest of the patients.
Transition at the level of injury
A logistic regression analysis was performed to assess each anatomic region's potential for neurologic recovery. Each segment was assigned a consecutive integer (T4=1, T5=2, etc), and the estimated probability of recovery was fit to anatomical region.. Because logistic regression forces a smooth curve, sharp transitions between regions might have been lost. The fit (p < 0.0001) suggested that in the upper thoracic region, the chance of recovery was 16.7% (6.9% at T4 to 30.0% at T9); in the thoracolumbar region, 46.6% (37.9% at T10 to 55.3% at T12); and in the lumbar region, 83% (63.7% at L1 to 95.4% at S3). (Figure 3) 
Demographic and Mechanism versus Recovery
Age was not significantly related to recovery. The 40 patients who recovered had a mean age of 37.3 years with a standard deviation of 15.8; the other 54 patients had a mean age of 33.6 with a standard deviation of 12.0. Also, gender was not related to the odds of recovery: twenty percent of both patient populations were female.
Ethnicity and mechanism of injury were both associated with neurorecovery. 57.9% of patients with falls recovered, versus 31.6% of patients incurring other mechanisms of injury (p < 0.01). 47.4% of white patients demonstrated signs of recovery, versus 17.7% of non-white patients (p < 0.05). However, when both these factors were included in a multivariate analysis with anatomic region and ASIA grade, their individual contributions to neural recovery was not significant. With respect to patients with adequate follow-up, 76.4% of non-white patients were ASIA A vs. 51.3% of white patients (p < 0.05).
Among patients with falls as an injury mechanism, 26.3% were thoracic injuries (T4-T9) while 42.1% were lumbar; among patients with other injuries, 54.4% were thoracic injuries while 21.1% were lumbar. This association between mechanism of injury and anatomic region of injury was significant to p < 0.05. The improved apparent recovery rates of the lumbar region of the spinal cord is most likely due to the greater proportion of lower to upper motor neurons in the distal spinal cord and the possibility for "root escape" in the lumbar region.(13) Seven of fifteen lumbar level patients were motor complete (4 ASIA A and 3 ASIAB) injuries and subsequently sustained recovery. Marino illustrated that this neurologic recovery after spinal cord injury is mediated through sprouting of the nerve roots using single fiber EMG studies (17). The potential of non-functioning nerve roots (0/5 strength) to regain strength after motor complete cervical spinal cord injury has been well documented. (15, 16, 32) This phenomenon has been labeled "root recovery" describing that lower motor neurons at the site of the injury which had no initial function can recover.
In the distal spinal cord or conus medullaris there is an increased potential for neurological recovery due to increased lower motor neuron ability to repair and due to root escape. (20) The "transition zone" segments, T10 to T12, demonstrated significantly less neurologic recovery than the lumbar spinal cord injured patients, with only 6 of 26 showing any significant recovery (p < 0.0001). The hypothesis that the three anatomic regions are distinct neurologic zones with differences in recovery potential was tested by attempting to estimate the spinal level where the chance of recovery changed. The segment at which the partition was made was moved systematically (Figure 5 ), and chisquare statistics were calculated comparing recovery rates above and below the selected 9 level. The chi-squared statistic, a measure of the departure of the recovery rates from random chance, was greatest when the division was at T12 & higher vs. L1 and lower (22% chance of recovery vs. 89% chance of recovery, respectively). Using the prior logistic regression results (Figure 3) , it was found that in the upper thoracic region, the chance of recovery averaged 16.7% (6.9% at T4 to 30.0% at T9); in the thoracolumbar region, 46.6% (37.9% at T10 to 55.3% at T12); and in the lumbar region, 83% (63.7% at L1 to 95.4% at S3), suggesting that the 3 zones behave differently with regards to neurologic recovery. . The spinal cord is divided into upper and lower regions, and as the transition shifts (upper region is marked on X-axis), the recovery rates (closed symbols) is plotted with the chi-squared statistic (open square) comparing the two rates. The chi-squared statistic was greatest when comparing T4-T12 to L1-S3 (22% of recovery vs. 89% chance of recovery).
CONCLUSION

